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SOLAR OBSERVATIONS 

8 a. m 
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P.81 

14.10 
6.  SI 

16.20 

_ _  - - - _ _  - - - 
15.65 

SOLAR RADIATION MEASUREMENTS DURING 
AUGUST 1936 

By IRVING F. HAND, Assistant i n  solar Radiation Investigations 

For a description of instruments employed and their 
exposures, the reader is referred to the January 1935 
REVIEW, page 24. 

Table 1 shows that solar radiation intensities averaged 
below normal a t  all three Weather Bureau stations. 
Considerable haze, dust, and smoke were reported from 
both Madison and Lincoln. 

Table 2 shows an excess in the amount of total solar 
and sky radiation received on a horizontal surface a t  all 
stations except Miami, Riverside, Blue Hill, and Ithaca. 

The solar work a t  Pittsburgh was permanently dis- 
continued during the month. 

Polarization observations made a t  Washington on 4 
days give a mean of 58 percent with a maximum of 61 
percent on the 31st. At Madison, observations on 2 
d8ys give a mean of 44 percent with the higher value of 
57 percent on the 24th. All of these value3 are below 
the corresponding August normals. 

TABLE 1.-Solar radiation intensities during August 1936 
[Gram-calories per minute per square centimeter of normal surfacc] 

WASHINGTON. D. C. 

5.0 4.0 3.0 2.0 

tal. eal. ra l .  cal. 
0.44 U.59 0.70 0.53 

.42 . 5 i  . i 8  

_.___ ____._ .99 1.13 
(.47) .51 .76 .93 

-.24 -.27 -.22 -.I6 

.50 .63 _ _ _ _ _ _  __..._ 

_ _  _ _ _ _  .-...- ._._._ 

Date 

'1.0 2.0 3.0 4.0 5.0 e 
----________-- 

cal. eal. cal. cnl.  cal. mm. 
1.27 ______________.__..__... 10.21 
.___._ _ _ _ _ _ _  ____._ .__._. ._._._ 14.60 
1.22 ._____ _ _ _ _ _ _  ._._.. ..._ ... 9.14 
1.12 _____. -~ _ _ _ _  .-.... ._.___ 17.3; 
1.33 _ _ _ _ _ _  _____. .-.... .___._ 17.37 
1.24 .____. .___._ _____. . _ _ _ _ _  _ _ _  _ _ _  
______________.___._________________ 

- 
8 a. m 

_________.________ 
0.89 1.25 
1.01 1.2; 

. ._____ ___.__ 

. _ _ _ _ _ _  __._._ 
1.04 1.25 
1.15 1.31 
1.02 I.% 
-.07 _ _ _ _ _ _  

75th 
mer. 
time 

0.54 0.42 

0.95 . i 2  .55 

.VI . i 3  . G O  
1.C3 .Y5 .65 
._...____..______ 
1.07 .99 .15 

-.I1 -.19 -.I9 

.RS . ee .53 

mm. 
19.23 
17.96 
18.59 
19.89 
11). 23 
17.37 
7.57 
9.14 _-_ - -_  _-____ -- 

0.31 

. 4 6  

.45 

.50 

.58 

.64 
-.I3 

. __.___ 

. _ _ _ _ _ _  

9.14 
15.11 
15.11 
10.21 
1 i . X  
11.35 
11.81 _ _ _ _ _ _  _ _ _ _ _ _  

TABLE 1.-Solar radiation intensities during August 1936-Contd. 
MADISON. WIS. 

Aug. 5 - -  _ _ _ _ _  
Aug. 8 _ _ _ _ _ _ _  
Aug. 12 _ _ _ _ _ _  
Aug. 13 _ _ _ _ _ _  
Aug. I4 _ _ _ _ _ _  
.4ug. IS _ _ _ _ _ _  .4~g .  17 _ _ _ _ _ _  

I- 

12.68 _ _ _ _ _ _  _ _ _ _ _ _ I  ____._ 
14.10 _ _ _ _ _ _  0.49 0.65 
11.81 ._____ _ _ _ _ _ _  .73 
11.81 _ _ _ _ _ _  _ _ _ _ _ _  ..___. 
15.65 ._____ _ _ _ _ _ _  ____.. 

10.97 .71 . S2 .97 
14. io 0.58 .e9 .SJ 

Means _ _ _ _ _ _ _  ,~ _ _ _ _ _ _  
Deparituea-- _ _ _ _ _ _  

Sun's zenith distance 

(. 61) .67 .81 
-.04 - .I1 -.IO 

Aug. 1 _ _ _ _ _ _ _  10.; ._____ _ _ _ _ _ _  ._____ 1.ozI 
Bug. 3 _ _ _ _ _ _ _  13.3 _ _ _ _ _ _  _ _ _ _ _ _  ____._ .84 
Aug. 5 _ _ _ _ _ _ _  10.3 _ _  .-.- _ _ _ _ _  ~ ____._ _ _ _ _ _ _  
Aug.7 _ _ _ _ _ _ _  11.5 __._._ _ _ _ _ _ _  _ _ _ _ _ _  ._____ 
AUK. 8 _ _ _ _ _ _ _  9.9 ____._ _ _ _ _ _ _  ____._ .91 
Aug.9 _ _ _ _ _ _ _  12.3 ___________. 0.96 1.08 
Aug. 10 _ _ _ _ _ _  11.9 _ _ _ _ _ _  .____. _ _ _ _ _ _  . b4 
Aug. I2 _ _ _ _ _ _  15.3 _ _ _ _ _ _  _ _ _ _ _ _  ._____ __.___ 
Aug. 13 _____. 14.3 _ _ _ _ _ _  ..____ ._____ _ _ _ _ _ _  
AUg. 14 _ _ _ _ _ _  14.7 _ _ _ _ _ _  _ _ _ _ _ _  ____._ _.____ 
.41ig. 16 _ _ _ _ _ _  13.5 __._._ _ _ _ _ _  ____._ .56 
Aug. 18 _ _ _ _ _ _  9.9 ._____ 0.64 .8? 1.05 
Aug. 19 _ _ _ _ _ _  13.7 _____. __.___ .56 1.18 
Aug. 20. _ _ _ _  ~ 13.2 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  ._____ 
Aug. 24 _.____ 17.5 _ _ _ _ _ _  _ _ _ _ _ _  ___... 1.19 
Aug. 25 _ _ _ _ _ _  13.7 _ _ _ _ _ _  .59 .73 . Y3 
Aug.26 ._____ 9.9 _ _ _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _  1.21 
Aug.27 _ _ _ _ _ _  9.9 ____________._____ 1.10 
Aug.28 _ _ _ _ _ _  9.2 _ _ _ _ _ _ _ _ _ _ _ _  1.01 1.23 
-4uq. 30 _ _ _ _ _ _  11.9 _ _ _ _ _ _  ..____ _ _ _ _ _ _  _ _ _ _ _ _  
Aug. 31 ___.__ 10.3 _ _ _ _ _ _  _...._ _ _ _ _ _ _  ._ ._._ 
Mean# _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  (.62) .82 .96 

1.23 1.05 
. Y 6  ____.. 

1.21) ___.._ 
1.33 ___.__ ..____ ._____ _ _ _ _ _ _  11.6 
1.24 ...-.. ._____ ._____ _____. 13.3 
1.28 1.06 .___._.__________. 12.3 
1.21 _ _  ._._ ._____ _ _ _ _ _ _  ..___. 13.2 
1.09 .61 ___._. __.__. ._.___ 13.2 
.99 ___._. ._____ ._._._ ._____ 13.7 
.75 .__.__ .~ .-.. ._._._ ._____ 14.3 
.9? ._.__. ._.___ ._.___ _ _ _ _ _  ~ IS. 8 

1.35 1.0; ._____ _ _ _ _ _ _  ._____ 11.5 _ _ _ _ _ _  _ _ _ _ _ _  -...-. ____.. _ _ _ _ _ _  14.3 
1.14 .90 ____._ ...-.. ._____ I?. 3 
1.33 1.12 0.90 0 . i3  ._____ 12.8 
1. '.4 __._.. ._____ _ _ _ _ _ _  _ _ _ _ _ _  13.7 
1.40 1.32 1.24 .___________ 8.8 
1.40 1.32 1.22 .___________ 8.6 
1.30.--- __._____.__________. U.Y _ _ _ _ _ _  _.__.. .89 .75 0.66 15.8 
1.34 1.15 .___._ __..._ _ _ _ _ _ _  11.6 
1.19 1.07 1.06 (.'76) (.66) _ _ _ _ _ _  

Alr m a s  

A . M .  P. M. 

5.0 4.0 3.0 2.0 11.0 2.0 3.0 4.0 5.0 

tal. cal. cal. cal. eal. cal. cal. cal. cal. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1.20 1.35 _ _  _ _ _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  0.73 .96 1.27 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  .E6 _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  .50 . 6 i  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
~ _ _ _ _ _  _ _ _ _ _ _  .31 .44 _ _ _ _ _ _  __.___ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  ~ _ _ _ _  0.77 .92 1.07 1.29 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
____._____. ~ .81 _.__..______ _ _ _ _  _ _  ._____ _ _ _ _ _ _  _ _ _ _  _ _  

(.SO) (86) .72 .89 1.34 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  
f.27 +.I7 -.05 -.OS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-----________- 

0.90 96 1.07 1.24 1.46 _____._______ ~ _ _ _ _ _ _ _ _ _ _  

Local 
niean 
solar 
time 

e 

mm. 
16.20 
17.37 
17.96 
21.28 
16.20 
15.65 
7.29 

_ _ _ _ _ _  e.;e 

- ~~ 

1 Extrapolated. 
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Ithaca 

tal. 
540 
461 
403 
412 
333 
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TABLE 2.-Average daily totals of solar radiation (direct + diguse) received on a horizontal surface 

J”,”,”, 
ea/. 

-- 
552 
540 
485 
428 
628 

AUQDST 1936 

tal .  
522 
466 
489 

Wcek beginning- 1 I I 1 I Eg& Madison Lincoln Chicago F:z 
cal. cal cal. t n l .  

535 552 472 477 
618 510 513 460 
394 546 425 401 

July 30. ................. 
AUE. 6 ................... 
Aug. 13 .................. 

Aug. 2i 
.................. 
.................. 

..Lug. 20 1g36 i tal. 
688 
603 
662 
666 
625 

cal. cal. cal. cal. ral. cal. t a l .  cal. eel. 
488 482 530 577 443 .~ _.___._ 570 505 856 
510 472 470 520 473 _ _ _  _ _ _ _ _ _  482 506 617 
3i3 259 4R6 449 415 _ _ _  _ _ _ _ _ _  523 491 534 

........ 156 559 607 452 ......... 539 451 436 

........ 252 489 511 484 337 5MI 394 432 

Gram-calories per square centimeter 

July 30 .................. 
-4Ug. 6. . -  ................ 
-4Ug. 13------ ............ 
.4Ug. 20 .................. 
A u ~ .  27. ................. 

+50 +A9 4-37 +95 4-53 +29 ........ +147 -11 ........ -53 ......... -3 -3 + ~ 5  +gs ........ 
+25 +62 4-14 4-123 +85 -?S ........ +155 - i s  ........ -43 ......... -47 +4 +i1  +le ........ 
+53 -47 +56 +3i 4-38 +43 ........ -30 + l  ........ -50 ......... -15 -13 -5 -35 
-98 -13 +3i -29 +55 4-79 ........ -143 +31 ........ -40 ......... +?6 +40 -69 -33 ........ 
-55 4 7  +65 -SO -14 +6l +5 - 2 ........ +lo -34 +12 -4 -9 -33 ......... 

........ 

........ i 
I I I I I I 

Departures from weekly normals 

Date and hour angle Air mass I, I” 

Aug. ia m gr. mi. gr .  cni. 
0:50a. m ............................. 61 50 1. 13 1.203 0,S:B 
0:46a. m ............................. 6 2  11 1. 13 1.212 .S?.!J 

3:05a.m ............................. 3 4 5 7  1.59 1.307 ,918 
3:00a. m 39 51 1.56 1.314 .920 

AW. 51 

............................. 

- 
k IT I,- .-I ,  

$In-, 6 I u - v  51.0. w Air-mass type 
Percentage of solar 

constant 
~___________ .________  

g r .  cai. mm 
0 , l X  0. 149 0.142 0.146 io. 4 8. 2 5.0 N.. 

. 6 ; i  . 149 . 14‘2 . 148 70.4 7.8 4. 1 

. I - ,  -”- ,067 ,039 ,053 77. 3 9.6 8.2 N,o 

. 77.4 w. 7 8.0 “ . I  ,-9 ,068 .WO .OS4 

0.553 
.633 
.578 

.631 

.566 

.623 

.606 

.613 

.4ccumulated depbrtures on Sept. 2 I 

0.080 0.102 
.162 .lo5 
.OS6 .145 

.......... .125 

.150 .......... 

.133 .......... 

.140 .195 

.OB1 .158 

dug. 1 
3:44 a. m ............................. 
0:38p. m ............................. 
3:37 p. m ............................. 

Aug. S 
2 S a .  m ............................. 

Aug. 6 
253 a. m ............................. 
2:Ma. m ............................. 
0:16 a. m.. ........................... 
i:l6 p. m...... ....................... 

Aug. 8 
437 a. m ............................. 
3:55 a. m. ............................ 
1:28 a. m........ ..................... 

dug. 9 
4:20a. m ............................. 
028  a. m........ ..................... 
230 p. m- ............................ 

Au.9. IO 
4:07 a. m ............................. 
003 a. m ............................. 
0:22 p. m ............................. 

Aug. I t  
1:46 p. m...... ....................... 
203 p. m- ............................ 
228 p. m ............................. 
3:05 p. m........... .................. 
3:30 p. m ............................. 

36 5 i  
64 26 
38 24 

44. 7.8 

45 22 
53 05 
64 28 
50 57 

29 52 
33 41 
60 32 

a7 56 
63 18 
47 27 

31 02 
63 14 
62 12 

M 25 
51 49 
47 57 
41 52 
37 28 

1.66 
1. 11 
1.61 

1.43 

1.40 
1. 25 
1. 11 
1. 15 

2.01 
1.80 
1. 14 

2.43 
1.12 
1.35 

1.94 
1. 12 
1. 12 

1.23 
1. 27 
1. 34 
1.49 
1.64 

1.127 
1.216 
1.112 

.915 

1.007 
1.170 
1.143 
1.181 

,904 
.963 

1.153 

1.028 
1.207 
1.218 

.861 
1.157 
1.138 

.975 

.955 

. B O  

.766 

.714 

0. i20 . i s3  
.704 

. ea 

.666 

.706 

.742 

.764 

.a1 

.667 

.i37 

.739 

.E13 

.815 

.634 

.7i3 

.766 

.R6? 

.Me 

.629 

.56? 

.535 

. a1 ................... 
:% 1 : z  I :E 

.......... ......... 
.481 
.462 

0.091 
.134 
.I10 

.125 

.150 

.133 

. le8 

.124 

.139 

.174 

.176 

70.2 
73.0 
71.8 

68.6 

85.6 
71.0 
68.2 
69.4 

m. 5 
58.9 
69.5 

- 
10.4 
8. 2 

12.8 

m. o 

12.7 
8.6 
7.3 
0.8 

11. I 
7.8 
a4 

................................ 

................................ 

................................ 

................................ 

................................ I 1  

9.6 
7.0 

10.2 

14.2 

10.9 
7.8 
7.0 
6.4 

8.2 
5.9 
7.9 

4 6  
4.0 
5.8 

- - - - - - 
6.1 
6.9 

- - - - - - -. 
- - - -. . 

N.. . 

N, 

N. 

.................... 
NhTm 

N d T u  
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TABLEI 3.-Total, I,, and screened, I, ,  I , ,  solar radiation intensity measurements, obtained during August 1998 and determinations of the 

atmospheric turbidity factor, 8, and water-vapor content, w = depth i n  ndlimeters, if precipitated-Continued 
BLUE HILL OBSERVATORY OF HARVARD UNIVERSITY-Continued 
- 

.ir mass 

- 

I. 
1.94 Solar 

altitude Air-mass type Date  and hour angle I ,  
Percentage of solar 

constant 

m 
1.27 
1. 13 

1.44 
1.37 
1. 14 
1. 16 
1.68 

2.35 
1.61 

3.63 
2.06 
1.70 
1.21 
1. 14 
1.14 
1. 18 
1.02 

2.48 
2.33 

1.46 
1.60 
2.32 

1.40 
1.31 
1. 17 
1. 32 
1. 48 
1.56 
4.02 

3.99 
1.34 
1.30 

1.18 
1. 20 
1.22 
1. 50 
2.06 

1.60 
1. 21 
1.19 
1. 18 
2.93 

3.02 
2.00 
1.59 
1.27 
1.32 

2.68 
6.58 

1.29 
1.25 - 

or. cal. 
0.990 
.977 

.720 

.751 

.727 

.623 

.395 

.498 

.646 

.695 
1.026 
1. 140 
1.300 
1.3% 
1.322 
1.307 
1.075 

.834 

.934 

1.020 
1.004 
.840 

1.303 
1.323 
1.338 
1.280 
1.225 
1.221 
.817 

.MI6 
1.133 
1.137 

1.367 
1.379 
1.379 
1.302 
1.049 

1.299 
1.37s 
1.396 
1.383 
.989 

1.076 
1.231 
1.278 
1.296 
1.288 

.019 

.661 

1.107 
1.290 

gr. cal. 
0.693 
.6i3 

.529 

.656 

.550 
,461 
.315 

.367 

.4M 

.5w 

.707 

.;fa . Y40 

.a57 

.851 

.849 
,726 

,583 
.645 

,704 
.68Y 
,600 

.852 

.8R6 

.a67 .am 

.799 

.794 

.5(17 

.444 

.751 

.762 

.683 

.900 

.900 

.858 

.72a 

.857 

.8% 

.go1 

.896 

.684 

.783 

.a26 

.845 
,855 
.85€ 

.631 

.50( 

. 761 

.864 

sr. eal. 
0.577 
,561 

.455 

.4iO 

.461 . t07 . -95 

,338 
.a4 

.467 

.591 

.629 

.676 

.6Y2 . KB4 

.6i3 

.5Y3 

, 4 9 0  
.525 

,576 
. wo 
,452  

.679 
,689 
,696 
,605 
.R52 
.648 
.4EO 

.383 

.617 
,613 

.714 

.724 

.7?2 

.6S6 

.590 

.661 

.707 . i16 

.705 

.552 

.630 

.67l 
,678 
,686 
.686 

.5ie 

.434 

.614 . GSe 

N A T M  
0 ,  

62 28 
62 15 

43 59 
47 10 
61 20 
39 28 
36 58 

25 05 
38 14 

15 60 
2 9 0 5  
36 00 
55 27 
80 57 
60 41 
51 48 
32 25 

23 44 
2: 21 

44 08 
38 34 
25 30 

46 32 
49 28 
58s 
49 12 
42 37 
39 48 
14 10 

14 19 
47 65 
50 01 

68 04 
56 04 
55 04 
41 31 
19 39 

38 41 
56 44 
67 03 
5 8 0 0  
19 46 

19 11 
29 66 
38 W 
51 38 
48 52 

21 48 
io oa 

61 43 
62 32 

_._____.__ 
....._._._ 

________.. 
_______... 
________.. 
_..____... 
________._ 

..__._____ 

.___-_--__ 

3.3 
10. 1 
6. 4 
7.4 
9. 1 
8.9 
6.8 

16. 1 

10.3 
7. 3 

8.8 
14.2 
21. 2 

10.9 
8.4 
7.5 
8.7 

la 3 
10. 1 
1s. 2 

6.3 
6.6 
9.6 

5.7 
4.0 
5.7 
9. 2 

11.3 

9.6 
5.4 
7. 1 

10.3 
9.8 

8.0 
7. R 
8.2 
7.2 
8.9 

17.6 
11.2 

7. e 
4.7 

TU 

TU 

N.. . 0.134 
.loo . om 
.057 
.049 
.053 
.054 
.069 

.115 

.OS5 

,169 
.115 . ow 

.054 

.(wB 

.063 

.059 

.067 

.05c 

.06E 

.117 

.117 

.04? 

.04I 

.04% 

.04: 

.031 

. om 

.03: 

.03: 

.03: 

.03i 

.04! 

. 0 4 d  

.04! 

.04! . OB( 

.05( 

. OB: . 07! 

.10 

.09 

0.17; . 0% . 141 . 12: . lo( . 12: . OBt 
.05: 

. 151 . 11: 

. 171 . 13: 

.OG: 

.07! 

.OS! . lo( 

.lo! 

. 1 M  . 07! 

.051 

.I31 . 151 

. 1 M  

.10 

.09 . os 

.07 

.05 

,057 
.OB1 
.071 
.060 
,064 

,063 
.069 
.072 
.098 
.098 

.058 

.loo 

.151 

.140 

0.156 
.098 . 114 
.050 
.074 
.os0 
.077 
.061 
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POSITIONS AND AREAS OF SUN SPOTS-Continued 
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POSITIONS AND AREAS OF SUN SPOTS 
Aug. 13- [Communicated b y  Capt. J. F. Hellweg, U. 8. Navy (Ret.), Superintendent U.. 9. 

Naval Observatory. Da ta  furnished b y  the U. 8. Naval Observatory in cooperatlon 
with Harvard and Mount  Wilson Observatories. The difference in longitude is 
measured from the central merldia3, positive west. The  north latitude is positive. 
Areas am corrected for foreshortening and are expressed in millionths of the sun's 
visible hemisphere. The  total area for each day includes spots and groups] Aug. 14- 
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